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(54) Titie: METHOD IN A MOBILE RADIO SYSTEM 
(57) Abstract 

The invention relates to a method of performing handover in a mobile 
radio system. The mobile radio system perfomis quality measurements on signals 
transmitted (300) between a mobile tenninal and predetemiined radio base stations. 
Handover is peiformed (301, 302, 303) when some of the measured signal strengttis 
exceeds the signal strength for the radio base station to which the mobile tenninal for 
the mommt is set up, added to a handover value. The handov^ value is dependent 
on measured signal strengdis and neighbouring cell relation values. Hie neighbouring 
cell relation values depend on a probability for handover to be perfomied from one 
radio base station to anodier radio base station in die mobile radio system. 
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METHOD IN A MOBILE RADIO SYSTEM 
TECHNICAL FIELD 

The invention relates to a mobile radio system which comprises radio base stations 
to transfer control information and message information in the form of radio infor- 
mation to mobile terminals. The invention particularly relates to a method in which 
the transmission of message information to a mobile terminal is handed over from 
one radio base station to another radio base station, i.e. a so called handover. 

BACKGROUND OF THE INVENTION 

It is desirable that a mobile radio system has a large traffic handling capacity and a 
high degree of coverage. The traffic handling capacity for a mobile radio system de- 
pends i*a. on the number of available radio channels and how effectively these 
channels can be utilized. It is known to provide several radio base stations having 
small coverage areas, also called cells, close to each other within a mobile radio 
system. Then, available radio channels can be utilized in a more efficient manner for 
handling traffic peaks within a restricted geographical area than if radio base sta- 
tions having large coverage areas are arranged far from each other within the mobile 
radio system. The coverage area is the area within which a call is established. Thus, 
the provision of many radio base stations close to each other can increase the capac- 
ity in a mobile radio system. Two radio base stations with such overlapping cover- 
age areas can not however normally use the same radio channel for communication 
with dififerent mobile terminals which is true for e.g. mobile radio systems imple- 
mented in TDMA technology and FDMA technology. 
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When a mobUe tenninal has a communication link established to a first radio base 
station (below also called active radio base station and its associated cell is m 
analogy herewith called an active cell) and moves fo)m the area that is covered by 
said first radio base station to another area which is covered by a second radio base 
station, a new communication link has to be established between the mobUe tenni- 
nal and the second radio base station. This is automatically controUed by the mobUe 
radio system and the method is denoted handover or hand-off. 

Comparatively much signalmg is required in the mobile radio system m connection 
with handover. This means that the radio system is loaded every time handover is to 
be performed. Therefore, it is desirable to avoid having to perform unnecessary 
handovers. 

Due to the presence of radio shadows caused e.g. by variations in the terrain, there 
can be islands in a cell belonging to one radio base station where the radio signal of 
the radio base station of another cell is stronger. If enough signal strength can be of- 
fered without handover being performed to such an island, it is disadvantageous to 
perform such a handover. If handover is avoided to said islands, the signalmg in a 
radio system is reduced and thereby a lower load on the mobile radio system is ob- 
tained. 

In US A 4 7 1 8 08 1 an apparatus and a method are described for pcrforniing hando- 
vers. The object of the method is to avoid performing handovers to radio base sta- 
tions which would not be optimal to perform handovers too. Signal strength meas- 
uiement is carried out on handover candidate radio base stations and their neigh- 
bouring radio base stations. Candidate radio base stations are the radio base stations 
to which it is possible for a mobile to perform a handover to if needed. Neighbour- 
ing ceUs to a cell are the cells that surround this ceU. A calculation of a weighted 
average value of measured signal strength for candidate radio base station and its 
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neigjibouring radio base stations is earned out for all candidate radio base stations. 
The signal strength of the neighbouring radio base stations are multiplied by a 
weight fector preferably equal to 0.5 in the calculation. The calculated weighted av- 
erage values for the candidate radio base stations are compared. The radio base sta- 
tion having the highest weighted average value is selected to handle an ongoing call. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is based on the insight that, by taking into consideration how 
a second radio base station that possibly will take over a mobile call (handover) 
from a first radio base station, is related to the (other) radio base stations that are 
neighbouring base stations to said first base station, it is possible to avoid unneces- 
sary handovers when an island is present that is so located that it is not suitable to 
perform handover to the base station that has given rise to this island. 

An object of the present invention is, thus, to avoid handovers in areas where radio 
communication signals are received with high signal strength (or where any other 
signal quality measure that is used to judge when handover is to take place, has a 
high value) from a radio base station that is fia: firom said areas. Fewer handovers 
reduce the load on the radio system and also the risk for ongoing calls to be cleared 
down. This also leads to that the system wUl be less exposed to disturbances since 
the number of mobile terminals that are set up to the base station and that at the 
same time are far from the radio base station, is reduced. 

This is attained by the present invention in that handover of a mobile terminal is 
performed from a first radio base station to a second radio base station when a first 
quaUty value, corresponding to a measured quality measure of a radio signal that has 
been transfeired between the second radio base station and the mobile terminal, ex- 
ceeds the same quality measure of the signal from the firet radio base station added 
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to a handover value that is dependent on a measured quaUty value of a radio signal 
that has been transferred between a further radio base station and the mobUe termi- 
nal and a value on a neighbouring cell relation (below called relation value). 

An advantage of the present invention is that the nmnber of handovers in the mobile 
radio system on an average is reduced which reduces the load on the mobile radio 
system. 

The invention wiU now be described more in detaU by means of prefened embodi- 
ments with reference to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a mobile radio system designed with three cells. 

Fig. 2 shows a mobile radio system. 

Fig. 3 shows a flowchart for a handover. 

PREFERRED EMBODIMENTS 

In Fig. 1, a mobUe radio system is shown, comprising mobile tenninals and radio 
base stations havmg transmitters and receivers for radio signals. For reason of 
simplicity, only one mobile terminal 101 is shown. When the quality on a comiec 
tion link between a radio base station and a mobile terminal is below a predeter- 
mined value, the mobile radio system has the possibUity of assigning a new comiec 
tion Imk between another radio base station and the mobile terminal 101. TTiis , 
be carried out e.g. during an ongoing call and is called handover or hand-off. 
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By means of Fig. 1, a handover method in accordance with the present invention 
will be e7q)lained, which method aims at avoiding that calls are handed over to a 
radio base station that in an area (island) certainly has a high signal quality value but 
that for some reason still is not suitable to be the radio base station that handles the 
call. Said areas are islands in cells where radio signals are received with higher 
quali^ from a radio base station that is located outside and comparatively far from 
the area where the island in question is located. 

To clarify the explanation of the present invention, a known handover method will 
also be described with reference to Fig. 1 . 

Fig. 1 shows a mobile radio system 100 which comprises three radio base stations 
RBSl, RBS2, RBS3. The radio base station RBSl has an associated cell CI, the ra- 
dio base station RBS2 has a cell C2, and the radio base station RBS3 has a cell C3. 
Due to e.g. terrain variations, a first island 102 is fonned in the cell C2, where there 
are better transmission and reception conditions for a mobile terminal 101 relative to 
the radio base station RBSl than to the radio base station RBS2 despite the fact that 
the latter radio base station RBS2 is located closer to said first island 102. 

When the mobile terminal 101 moves tmm its present position A in a direction 104 
towards a position B, the mobile terminal 101 gradually enters the first island 102. 
When passing into the first island 102, in a known method, a handover is performed 
to the radio base station RBSl in view of better.transmission and reception condi- 
tions for the mobile terminal 101 relative to this radio base station RBS 1 than to the 
radio base station RBS2. The mobile tenninal 101 moves further on in the direction 
104, leaves the first island 102 and again enters into the area of the cell C2 where 
there are better reception conditions relative to RBS2 wherein handover to this base 
station is performed. When the mobile tenninal 101 passes into the ceU C3, hando- 
ver to the radio base station RBS3 is poformed. 
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Handover causes a load on the mobile radio system due to the fact that is requires 
comparatively much signaling. By utUizing the present invention to avoid handover 
to islands of the type described above, i.e. to islands that are fer away from the radio 
base station that has given rise to the respective island, the load on the system wiU 
be reduced. Since each handover also constitutes an increased rislc of losing an on- 
going caU, also this risk will be reduced by the present invention. The interference 
and the path loss can drasticaUy increase when a mobile tenninal is set iq) to a radio 
base station which is located fer away therefrom and since this is avoided by means 
of the present invention, further advantages will thus be obtained. 

There is a further island 103 that is closer to the radio base station RBS2 than RBSl 
but in which there are better transmission and reception conditions with the radio 
base station RBSl than with the radio base station RBS2. However, this island is 
comparatively close to the radio base station RBSl (in comparison with the island 
102) and when the mobile terminal 101 enters this second island 103, a handover to 
the radio base station RBS 1 is performed also when utilizing a preferred embodi- 
ment of the present invention. This type of handover is perfonned by the present in- 
vention in view of the nearness of the island to the radio base station from which the 
island originates. 

The quaUty measure that a mobile radio system utilizes to be able to decide whether 
or not to perform a handover can be of many different kinds but the most common 
are: signal strength, bit error rate and signal/interference ratio (C/I). To fecilitate the 
description, in the foUowing, reference will only be made to a preferred case where 
signal strengdi is used as quality measure, but anyone skilled in the art realizes that 
there can be a large number of different quaUty measures that can be used in con- 
nection with the present invention without in any respect changing the basic condi- 
tions for the present invention. When the mobile terminal 101 is in contact with the 
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mobile radio system 100, it carries out signal strength measurements on signals that 
are transferred between the mobile terminal 101 and all radio base stations RBSl, 
RBS3 that are listed in a neighbouring cell list assigned to the mobile terminal 101, 
and between the mobile terminal 101 and the radio base station RBS2 that forms the 
active cell for the mobile terminal 101. Radio base stations in the nei^bouring cell 
list are called neighbouring radio base stations or neighbouring cells. If e.g. the cell 
C2 is active cell for the mobile terminal 101, the cells CI, C3 are listed in said 
neighbouring cell list as candidates for handover. In a digital mobile radio system, 
the signal strength measurement is carried out e.g. with respect to the neighbouring 
cells by the mobile terminal on radio signals transmitted from the radio base sta- 
tions, i.e. on downlink signals, and for the active cell of the mobile terminal the 
measurement is carried out by the radio base station in the active cell on radio sig- 
nals transmitted form the mobile terminal, i.e. on the uplink signal. The measured 
signal strengths obtained in the mobile terminal 101 are transferred by the mobile 
terminal to the mobile radio system via the radio base station of die active cell. 
Thus, the mobile radio system has information about all signal strengths for the, ra- 
dio base stations that are candidates for handover of the mobile terminal 101. In an 
analog mobile radio system, the system obtains corresponding signal strengths by 
measuring the signal strength from the mobile terminal to all radio base stations, i.e. 
on uplmk signals, that are listed in the neighbouring cell list. The present invention 
is not liepeadeat on how the measurement of the signal strengths is carried out but 
only on that it is carried out. 

A known algorithm to evaluate the signal strength and arrive at a decision about a 
possible handover to a certain candidate cell is to compare the signal strength for the 
candidate cell with the signal strength for the active cell added to a hysteresis value 
as follows: SSamd ^SSaaive + hysti. Said signal strengths are measured e.g. in decibel 
in relation to 1 mW, i.e. that the unit of the measured signal strengths is dBm. The 
comparison is carried out at regular intovate for all candidate cells. A hysteresis value 
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hysti is utilized to avoid perfonning handover back and forth between two radio base 
stations when a mobile tenninal moves along the border between the two cells in 
question. Then, handover is performed when the mobile terminal for sure is located 
inside the candidate cell and probably will not directiy need to perform handover back 
to the previously used radio base station. For the mobile radio system 100 where the 
ceU C2 is active cell, and CI and C2, respectively, are neighbouring cells to C2 and 
thus handover candidates, at the signal strength measurement, the signal strengths 
SSci. SSc2, SSc7 are obtained. Each signal strength originates from the respective ra- 
dio base station RBSl, RBS2, RBS3. With these measured signal strengths, the fol- 
lowuig conqiarisons are carded out: 

SSci ^ SSc2 + hysti and SSo ^ SSc2 + hysti, at regular intervals to decide about a 
possible handovo-. 



In accordance with the present invention, a handover value is considered according to 
SSauui ^SS^ + handover value. The handover value is a value which essentiaUy is 
dq)endent on the measured signal strengths from the different candidate radio base 
stations and the relations values between the candidate cells. Hie dependence is such 
that high signal strength values and low relation values increases the handover value 
and thereby puts more refined requirements on the signal strength transmitted by the 
candidate radio base station in order for handover to be performed than what is the 
case in accordance with the prior art. In an embodiment of the invention, the 
hysteresis value hysti known as above can be added. 

Now, the term neighbouring ceU relation wiU be briefly explained. The neighbouring 
cell relation is a value which is dependent on the probability for a handover to be 
performed between two radio base stations. This probabUily can e.g. be defined as the 
average number of handovers performed during a certain period of time, that e.g. can 
be twenty-four hours or a month. This value can change when the ntimber of 
handoveis performed fix)m a first radio base station to a second radio base station 
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during the specific time period, changes. The probability for a handover to be 
performed fiom the first radio base station to the second radio base station does not 
have to be equal to the probability for a handover to be perfonned from the second 
radio base station to the first radio base station. A high value corresponds to a high 
probability for handover between two radio base stations, i.e. many handovers have 
beoi performed earlier between these radio base stations, and a low value corresponds 
to a low probability for handover to be performed. Neighbouring cell relation values 
can e.g. be summed up in a matrix Q in the following manner for the mobile radio 



system 100 shown in Fig. 1: Qa = 



qi3 qi3 
qai qas 
qsi q33 



Eadi element in a row in the matrix Qa corresponds to die probability for handovo- 
&om a radio base station to any other radio base station in the mobile radio system 
1 00. In e.g. row 2 in the matrix Qa . a first neighbouring cell relation value q2i 
corresponds to the probability for handover to be performed from the radio base 
station RBS2 to the radio base station RBSl, and a second neighbouring cell relation 
value q23 corresponds to the probability for a handover to be performed firom the radio 
base station RBS2 to the radio base station RBS3. A neighbouring cell relation value 
q32 in row 3 which corresponds to the probability for a handover to be performed j&om 
the radio base station RBS3 to the radio base station RBS2 is not necessarily as hi^ 
as the neighbouring cell relation value q23. For some reason, more handovers can e.g. 
have been porformed from the radio base station RBS2 to the radio base station RBS3 
than in the opposite direction. 



For a mobile radio system with n radio base stations, the probability for handover 
between all the radio base stations of the mobile radio system is described by the 

qi2 . qin 



following matrix: : Qn - 



qai 



qnl 
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THe values in the matrix Q„ can be utilized in different ways, one way being to 
convert the matrix into a matrix Q' where the values are calculated as foUows: 

q'ij = aqij + (l-a)qji, where 0 ^ a ^ 1. 

Tbc d.fimaon of relation value as indicated above is merely an example of apcaable 
relation value sinee fliere is a large number of different definitions of relation value 

that ca. used without affecting the basis for the present inventi«L Neither is it 

necessary to desctdbe ttK relations in the fonn of a matrix but oa»r descriptions can 

be used. 



Another way to detenninetherelation values is to utilize the geometric relation^ 
between the different radio base stations. TTie simplest possible case is simply 
measuring the distance between the different radio base stations and using this 
distance as a starting point for calculating the relation value. TTiere ate of course a 
larger number of different ways of determinmg the relation values by utilizing the 
geometiy of the system, which should be obvious to anyone skilled in the art when 
readmg die present patent appUcation. Different ways of calculating the relation 
values can of course give rise to different values thereon. 

Another way of measuring neighbouring association is that the mobile radio system 
calculates the attenuation of radio signals received by the mobile terminal, that have 

been transmitted fiom the radio base stations. The attenuation is defined as tiie 
quotient between the pow« of a received radio signal and the power transmitted by 
the radio base station. Ihen, the inverse of the attenuation is compared. If a mobile 
receives radio signals where the inverse of the attenuation is large for two conq,aied 
radio signals, it is probable that these two are neighbours. By deciding that there is a 
neighbouring relation between two radio base stations when tiie inverse of the 
attenuation of two radio signals transmitted &om said radio base stations exceeds e g 
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80 dB, a measure on neigjibouring cell relations is obtained in analogy with the above, 
and a Qn matrix as above can be fonned. 

Nei^bouring cell relations as a term has been proposed and described in US patent 
plication No. 08/609422 and PCT application PCT/SE97/00328. 

The relation values can also be defined as being constant, i.e. fixed to certain values. 

A method in accordance with the present invention will now be described more in 
detail by means of an exemplifying embodiment In the example, it is supposed that 
the active ceU is cell C2. When the mobile terminal 101 is in contact with the mobile 
radio system 100 and is located in the cell C2, signal strength measurements are thus 
carried out between the radio base stations RBSl, RBS2, RBS3 and the mobile 
terminal 101 and the signal strengths are compared in accordance with: SSa ^ SSa + 
hysti + Aan^vervo/iie and SSa ^SSc2 + hysti + /(an£b»v£rva/iie: For reason of 
simplicity, the comparison of signal strengths is explained merely by analyzing the 
inequality : SSa ^ SSc2 + hysti + handover value when the mobile 101 approaches 
the first island 102. 

When the mobile terminal 101 is present in the cell C2, the handover value in the 
inequaUty SSa ^ SSc2 + hysti + handover value depends on a quotient where 

q3i 

SSa is the signal strength firom the radio base station RBS3 and qai is the 
neighbouring cell relation between the cell C3 and the cell CI, i.e. the probability 
for a handover to be performed from the radio base station RBS3 to the radio base 
station RBSl. 

Suppose that the mobile terminal 101 approaches the first island 102. The quotient 

SSc3 

— - will be comparatively high since SSa has a comparatively high value and qai 
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has a comparatively low value. TTiereby, the handover value will be comparatively 
high due to the fact that the quotient ^ is comparatively high. Since the handover 

value is high, no handover to the radio base station RBSl will be performed when 
the mobile terminal moves mto the first island 102. 

When the same mobile terminal 101 is at the border of the second island 103. also in 
this case, it is the inequaUty SSa ^ SSc2 + hysti + handover value that decides 
whether a possible handover is to be performed. The handover value is also now 
determined by the quotient ^ . Since the signal strength SSc3 from the radio base 

station RBS3 m this case has a low measured value and even if the relation value qai 
is comparatively low, the handover value wiU be comparatively low. Thus, a 
handover is performed to the radio base station RBSl when the mobUe terminal 
moves into the second island 103. The reasoning for the value of the handover value 
is analogous for situations when the mobUe terminal 101 moves into the cell CI or 
the ceU C3. 

Fig. 2 shows a part 200 of a mobile radio system in conformity with Fig. 1. Fig. 2 
shows a ceU C2 having six neighbouring cells CI, C3, C4. C5, C6, C7. Each cell has 
a respective radio base station RBSl, RBS2, RBS3, RBS4, RBS5, RBS6, RBS7 
each intended for the radio communication m a corresponding cell. For reason of 
simpUcity, so called omnicells are shown. It is obvious that the present invention is 
also applicable to mobile radio systems having so called sector cells. 

When the mobile terminal 101 is present in the cell C2, in the analysis to determine 
whether a possible handover is to be pcrfinmed, all measured signal strengths SSci, 
SSc2, SSc3, SSc4, SSc5, SSc6, SSc7, and aU corresponding neighbouring cell relations 
are taken into consideration. 
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As an example, it shall now be shown how the analysis is carried out when the 
mobile terminal 101 passes into the first island 102 in the cell C2. The inequality 
SSa ^ SSc2 + hysti + handover value is in this scenario the condition that has to be 
fulfilled in order for a handover to be performed to the radio base station RBS 1 . When 
calculating the handover value, the following quotients between signal strengdis and 

relation values are taken into consideration: ^ , ^ , , ^ and — . The 

qsi q4x qsi qsx q?! 

reasoning above what concerns the size of the quotients in the mobile radio system 

100, is valid also in this connection. 

In order to get a well defined and controllable area within which the quotients 
mentioned above correspond to a value, a so called saturation function is used. An 
example of such a function is a tangent hyperbolicus function and then, e.g. the 

following can be used: fi(ss, q) = f i + i x tanhf ~ ^'1 1 : where the 

\2 2 \d» X q^J) 

function will have values between 0 and flmax, xoi and dxi are parameters that define 
the inclination of tihie linear part of the function and its center coordinates. Examples 

on typical values of the parameters xoi and dxi are 80 dBm and ^ , respectively, 

q 

where q is the average value of all elements except the diagonal in the Qn matrix 
and a is the desired span of the fimction. A suitable value can e.g. be 5 which leads 
to that said function has a minimum value of -2,5 and a maximiwin value of +2,5. 



All five above-mentioned quotients give a functional value of fi, which values are 
summed and the sum obtained is multipUed by a standardization factor that is equal 
to l/(the number of terms in the sum). This can be summarized by the following 

expression: | Z ^{~) • 
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In OTder to get a well defined and controllable area within which the above mentioned 
summation and standardization correspond to a value, said handover value, e.g. the 
same saturation function as above is used which gives: 



fumdover value = 



1 1 

- + -xtanh| 



1 J- /SSi 
5 M kqn 



-X02 



dX2 



J) 



x/2ii»x; where the function 



will have values between 0 and fZowx, xoz and dx2 are parameters that define the 
inclination for the linear part of the function and its center coordinates. Examples on 
typical values of the parameters fZnwx, xoi and dxi are 3-6, 0.5 and 1, respectively. 



When a mobile terminal is present in a cell k that has a corresponding radio base 
station k and n neighbouring cells having n radio base stations in the neighbouring 
cell list and wishes to compare measured signal strength firom die radio base station 
k (active cell) with a measured signal strength from a radio base station j which 
possibly can be a handover candidate, the following comparison is carried out: 
SSj ^ SSk + hysti + handover value, where the handover value is calculated in 
accOTdance with: 

(1) A = — , where i k and i ^ j and fi are defined as above. 



r 



(2) handover value = 



are defined as above. 



1 1 
— + — X tanh 

2 2 



-X A-X02 

« — 1 



X /2>ns, where fZmn, xoz and dx2 



J J 



Fig. 3 is a flow chart which illustrates one embodiment of a handover method. 
When a call is set up between the mobUe terminal 101 and the radio base station 
RBS2, in a step 300, all signal strengths are measured between the mobile terminal 
101 and the radio base stations RBSl, RBS3, RBS4, RBS5, RBS6 and RBS7 of the 
neighbouring cells of its active ceU and between the radio base station RBS2 and the 
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mobile tenninal 101 wherein the signal strengths SSci, SSc2, SSc3, SSc4, SScs, SSc6 
and SSc7 are obtained. The signal strength SSci, SSc3, SSc4, SScs, SSc6 and SSc? of 
all neighbouring cells are compared with the signal strength SSc2 from the radio 
base station of the active cell in a step 301 in accordance with the principle 
explained above. In a step 302, it is checked whether any of the conditions is 
fiilfilled. In accordance with an alternative "no", no handover is performed and a 
new signail strength measurement is carried out in step 300 after that a 
predetermined time interval has elapsed. In a step 303, handover is performed in 
accordance with a known mediod to a new radio base station or a new cell and in a 
step 304, the mobile radio system and the mobile termmal 101 are updated. The 
mobile terminal will e.g. get a new neighbouring cell list. When a handover has 
been carried out, also the value of the relation value is updated in the mobile radio 
system, in which value the handover just performed, is included. 

The method can also be used when the mobile telephone is in "idle mode", i.e. 
switched on and in contact with a mobile radio system but not set up for a call. 
Then, the mobile terminal has information about which cell it prefers. 

The method in accordance with the invention can also be used in mobile radio 
systems designed with CDMA technology (Code Division Multiple Access). Each 
mobile termmal is set up to one or more radio base stations. These radio base 
stations are denoted actively set in a CDMA system. The method according to the 
invention is thus ^piicable when choosing which radio base stations are to be 
mcluded in the active set of a mobile ttiminal. 

Of course, the invention is not restricted to the embodiments described above and 
illustrated on the drawing but can be modiiSed within the scope of the appended 
claims. 
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CLAIMS 

1 . A method of handover in a mobile radio system having radio base stations 
(RBS 1, RBS2, . . .) with associated cells, and at least one mobile terminal (MSI), 
conqnising the steps of: 

measuring a quality measure (SSci, SSc2, . . .) of radio signals transferred between at 
least some of the radio base stations (RBSl, RBS2, . . .) and the mobUe terminal 
(MSI), 

performing handover of the mobile terminal (MSI) from a first radio base station 
(RBSl) to a second radio base station (RBS2), 

characterized in that 

said handover is performed utilizing a handover value depending on said measured 
quality measure (SSci, SSc2, ...) and relation values (qii, qi2, ...) between said cells, 
said relation values bdng essentially independent of said measuring of quality 
measures. 

2. Method according to claim 1, characterized in that said relation values (qii, qi2, 

. . .) are dependent on the number of times handover has been performed between the 
respective radio base stations during a predetermined period of time. 

3. MeOiod according to claim 1 or 2, characterized in that said relation values (qii, 
qi2, , . .) are dependent on a measured or calculated radio wave transmission 
condition in the cells, preferably the attenuation of radio waves between different 
points in the cells. 
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4. Method according to any of claims 1-3, characterized in that said relation 
values (qii, qa, ...) are dependent on a geometric relationship between said cells, 
preferably a distance relationship between the respective radio base stations. 

5. Method accordmg to any of claims 1-4, characterized in that said quality 
measure is a signal strength measure. 

6. Method according to any of claims 1-4, characterized in that said quality 
measure is a bit oror ratio. 

7. Method according to any of claims 1-4, characterized in that said quality 
measure is a signal/interference relation. 

8. Method according to claim 5, characterized in that said handover value is a non- 
decreasing fimction of measured signal strength (SSci, SSc2, ...). 

9. Method according to any of claims 5 or 8, characterized in that said handover 
value is a non-increasing fimction of said relation values (qii, qi2, ...). 

10. Method according to any of claims 5, 8 or 9, characterized in that said 
handover value depends on a sum of quotients where the numerator m 

the respective quotient is formed by said measured signal strength fixjm a radio base 
station in question whose associated cell is a neighbouring ceil to the cell of the first 
radio base station and where the denominator in the respective quotient is formed by 
the relation value between the second radio base station and the radio base station in 
question. 

11. Method according to claim 10, characterized in tiiat said handover value is 
formed by means of the following steps: 
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generating quotients between at least one measured signal strength (SSci, SSc2, . . .) 
and eacli of a respective relation value (qim, q2m, . . .) 

transforming each quotient to a corresponding value within a defined first area by 
means of a first saturation function, 

summing the transformed quotients whereby some is obtained, 

generating a first standardized value by multiplying said sum by a predetennined 
factor; 



transforming a first standardized value to said handover value within a defined 
second area by means of a second saturation function. 

12. Method according to claim 1 1, characterized in that the defined area for said 
first saturation function is independent on which radio base station the mobile radio 
system that is the first radio base station. 

13. Method according to claim 1 1, characterized in that the defined area for said 
first saturation fimction is dependent on which radio base station in the mobUe radio 
system that is the first radio base station. 



14. Method according to any of claims 1 1-13, characterized in that said first 
saturation fimction is a first tangent hyperbolicus function. 

15. Method according to any of claim 1 1-14, characterized in that said 
predetermined fector is inversely proportional to the number of generated quotients. 
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16. Method according to any of claims 1 1-15, characterized in that the defined area 
for said second saturation function is independent on which radio base station in the 
mobile radio system that is the first radio base station. 

17. Method according to any of claims 11-15, characterized in that the defined area 
for said second saturation function is dependent on which radio base station in the 
mobile radio system is the first radio base station. 

18. Method according to any of claims 11-17, characterized in that said second 
saturation function is a second tangent hj^jerbolicus function. 

19. System for mobile radio, comprising radio base stations (RBSl, RBS2, ...) 
having associated cells, and a mobile terminal (MS 1), the system comprising 

measuremoit means adapted to measure a quality measure (SSci, SSc2, . . .) of radio 
signals transmitted between at least some of the radio base stations (RBS 1 , - 
RBS2, . . .) and the mobile terminal (MS 1), 

handover means adapted to perform handover of tiie mobile terminal (MSI) from a 
first radio base station (RBSl) to a second radio base station (RBS2), 

characterized by 

storage means adapted to store relation values (qii, qi2, ...) between at least some of 
said cells, 

calculating means adapted to form a handover value which is dependent on said 
measured quality measure and said relation values, and 
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said handover means being adapted to perform handover utilizing said handover 
value. 

20. System according to claim 19, characterized in that said stored relation values 
are dependent on the number of times handover has been performed between the 
respective radio base stations during a predetermined period of time. 

21. System according to claim 19 or 20, characterized in that said relation values 
are dependent on a measured or calculated radio wave transmitting condition within 
the cells, preferably the attenuation of radio signals between different points m the 
cells. 

22. System according to any of claims 19-21, characterized in that said relation 
values are dependent on a geometric relation between said cells, preferably a 
distance relation between said radio base stations. 

23. System according to any of claims 19-22, characterized in that said 
measurement means are adapted to measure a signal strength. 

24. System according to any of claims 19-22, characterized in that said 
measurement means are adapted to measure a bit error ratio. 

25. System according to any of claims 19-22, characterized in that said 
measurement means are adapted to measure a signal/interference relation. 

26. System according to claim 23, characterized in that said calculating means are 
adapted to form said handover value as a non-decreasiug function of said measured 
signal strengths. 
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27. System according to any of claims 23 or 26, characterized in that said 
calculating means are adapted to form said handover value as a non-increasing 
function of said relation values. 

28. System according to any of claims 23, 26 or 27, characterized in that said 
calculating means are ad^ted to form said handover value utilizing a sum of 

quotients / . . -j , wherein the respective quotient is formed by said measured 

signal strength from a radio base station in question whose associated cell is a 
neighbouring cell to the cell of the first radio base station, and the relation value 
between the second radio base station and the radio base station in question. 

29. System according to claim 28, characterized in that said calculating means are 
adapted to carry out the following steps: 

generate quotients between at least one measured signal strength (SSci, SSc2, . ..) 
and each of a respective relation value (qii, qi2, . . .), 

transform each quotients into a coire^onding value within a defined first area by 
means of a first saturation function, 

sum the transformed quotients to obtain a sum, 

generate a first standardized value by multiplying said sum by a predetermined 
factor, 

transform said first standardized value to said handover value within a defined 
second area by means of second saturation function. . 
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30. System according to claim 29, characterized in that the defined area for said 
first saturation function is independent of which radio base station in the mobile 
radio system is a first radio base station. 

5 31. System according to claim 29, characterized in that the defined area for said 
first saturation fimction is dependent on which radio base station in the mobile radio 
system is the first radio base station. 

32. System according to any of claims 29-3 1, characterized in that said first 
10 saturation fimction is a first tangent hyperboiicus fimction. 

33. System according to any of claims 29-32, characterized in that said 
predetermined factor is inversely proportional to the number of generated quotients. 

15 34. System according to any of claims 29-33, characterized in that the defined area 
for said second saturation fimction is independent of which radio base station in the 
mobile radio system is the first radio base station. 

35. System according to any of claims 29-33, characterized in that the defined area 
20 for said second saturation fimction is dependent of which radio base station in the 

mobile radio system is the first radio base station. 

36. System according to any of claims 29-35, characterized in that said second 
saturation fimction is a second tangent hyperbolic fimction. 

25 

37. Mobile terminal included in a system according to any of claims 19-36, 
characterized in that it comprises said measurement means. 
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38. Mobile terminal according to claim 37, characterized in that it comprises said 
calculating means. 

39. Radio base station included in a system according to any of claims 19-36, 
characterized in that it comprises said calculating means. 

40. Radio base station included in a system according to any of claims 19-36, 
characterized in that it comprises said storage means. 
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